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Birds of prey have been used in various manners by humans, worldwide, for centuries. 
Despite this fact, the information available in the literature on geriatric raptors is 
sparse, anecdotal, and written in various languages and journals that may not be easily 
accessible. Veterinarians beginning a career with raptors have a daunting task ahead 
of them. Becoming familiar with species commonly encountered, their natural history, 
husbandry requirements, dietary needs, and basic disease conditions is the founda¬ 
tion of raptor medicine. These fundamentals will allow the veterinarian to more 
correctly identify symptoms that may reflect geriatric conditions and aid in age deter¬ 
mination of raptors on presentation. The goal of this article is to expose the reader to 
the numerous aspects that may affect raptor survival, longevity, and health. In addi¬ 
tion, the most frequently seen geriatric disease conditions are reviewed. 

RAPTORS AND THEIR USE BY HUMANS 
Falconry 

According to some experts, the origins of falconry date back to 4000 to 6000 bc in the 
steppes of Mongolia. Other historians have found records identifying birds of prey 
being used in Iran over 8,000 to 10,000 years ago. Falconry became well established 
in Asia and the Middle East by 2000 bc, and soon after migrated to Europe. Birds of 
prey were a status symbol and the sport of royalty from the sixth century through 
the Middle Ages. In the 1600s in England, the Laws of Ownership were used to allow 
citizens of various social rank to fly certain birds of prey. Popularity in Europe began to 
decrease in the 1800s because of the increased use of firearms, decline of the aristoc¬ 
racy, and land development for agriculture. Resurgence was not seen again until the 
1920s and 1930s. 

In North America, falconry dates back to the early 1500s, when the Aztecs used 
trained hawks. The first documentation of falconry in the United States was in New 
England in 1622. The first falconry association established in the United States was 
the Falconer’s Association of North America in 1940, but it was disbanded during 
World War II. Since that time, the North American Falconry Association (NAFA) was 
formed in 1961 and currently has more than 2000 members. 

As expected, medical conditions and treatments have been identified and used 
since the early days of falconry. Early writings of European falconers of the thirteenth 
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to the nineteenth centuries describe many of the disease conditions encountered 
today. 1 Falconry husbandry techniques have historically been one of the primary 
modalities used to care for and treat birds of prey. Fortunately, advancement of veter¬ 
inary care for falconry birds has resulted in falconers more frequently turning to veter¬ 
inarians for care and treatment of their birds. Institutions such as the Abu Dhabi 
Research Hospital have led the way for specialized veterinary care for falconry birds. 2 

Zoologic Institutions 

Displaying raptors is commonplace in most zoologic facilities exhibiting birds. Institu¬ 
tions not only exhibit birds of prey but also have demonstrations, interactive programs, 
and shows that allow the public to view these birds performing many of their natural 
behaviors. The combination of educating while entertaining is a powerful tool that is 
used by most institutions to raise awareness for target species. In addition, many 
zoos are involved in conservation efforts locally and internationally to increase public 
awareness and help secure sustainability of sensitive species through efforts ranging 
from fundraising to captive breeding. One unique aspect of raptors housed in captivity 
is the absence of environmental pressures, which results in increased life expectancy 
when compared with their wild counterparts. The overall increase in the number of 
zoos, birds housed at these institutions, and successful conservation projects has re¬ 
sulted in a greater need for veterinary care for these specialized birds. 

Due to the increased longevity of raptors kept in zoologic collections, veterinarians 
have had the opportunity and ability to observe, document, diagnose, and treat 
various conditions, both common and uncommon. The advent of advanced diagnostic 
testing, including molecular techniques and diagnostic imaging, has also aided in the 
improvement of raptor medicine. Furthermore, development of new diagnostics and 
therapies has resulted in increased life expectancy of many individuals who in the 
past would have gone undiagnosed or untreated. The results of conservation efforts 
by zoologic facilities, biologists, and veterinarians can be seen with species such as 
the bald eagle, California condor, peregrine falcon, Aplomado falcon, and many others 
around the world. 

Wildlife 

Significant research and conservation efforts have been performed by scientists, biol¬ 
ogists, ornithologists, naturalists, and veterinarians in the area of the natural history 
and medicine of wild raptors. Investigation into the natural history of these birds has 
expanded the basic knowledge of many species and has allowed a better under¬ 
standing of many unfamiliar aspects of these birds, including migratory routes, hunting 
techniques, and reproduction. Molecular testing has been used to evaluate genetic 
diversity and identify gender prior to hatching. Naturalists are a key motivating and 
influential component to evaluation of wildlife. Events such as the Christmas Bird 
Count, Whooping Crane Festival, Florida Keys Raptor Migration Project, and others 
are prime examples of community involvement in the preservation and protection of 
wildlife. Whereas many of these events are casual, others are strictly scientific and 
are important indicators of the wild populations, and may provide the first indications 
of serious impacts and trends on wildlife. 

The encroachment of human development into naive areas inhabited by raptors has 
resulted in an increased number of injuries and mortality. The increased impact on 
wildlife has motivated individuals and organizations to establish wildlife rescue and 
rehabilitation facilities to care for these birds. National and international organizations 
such as IWRC (International Wildlife Rehabilitation Counsel) and NWRA (National Wild¬ 
life Rehabilitators Association) have also been formed to collectively disseminate 
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knowledge with regard to rescuing, rehabilitating, and releasing birds as well as 
educating the public. Most large metropolitan cities have raptor rescue organizations 
that play a key role in rehabilitation. The information gathered from rehabilitation facil¬ 
ities and veterinarians has been an invaluable resource for expanding the practice of 
raptor medicine and surgery. 


Divisions of Raptors 

The distinction between falconry birds, zoo exhibit birds, and wildlife are identified to 
make the clinician aware that these divisions may alter the definition of what is consid¬ 
ered a “geriatric” raptor. Even though there are morphologic characteristics in various 
raptor species that enable them to be identified as hatchlings, juveniles, sub-adults, 
and adults, determining the age of an adult raptor with an unknown history is difficult 
if not impossible. 


Age Determination in Raptors 

Identifying the correct age of raptors is fraught with endless variables that must be 
taken into consideration. Young raptors may be identified by behavioral and morpho¬ 
logic characteristics that employ both subjective and objective observations. 3-9 
Young raptors may be recognized over the first few years of life by their plumage 
(Figs. 1-6). Some raptor species maintain their juvenile plumage for 1 to 2 years, 
whereas other species, such as the bald eagle, may maintain their juvenile plumage 
for up to 4 to 5 years. Behavioral aspects may also indicate that an individual is young, 
even though it may have adult plumage. Juvenile birds often are presented to rehabil¬ 
itation facilities due to traumatic injuries while hunting. Other individuals may be 
emaciated and weak due to their lack of hunting experience soon after fledging. 

Adult raptors are significantly more difficult to age. Behavioral and morphologic 
characteristics are of little aid except to differentiate adults from the juveniles. The 
most helpful tool used to determine age of raptors is record keeping. Documentation 
by falconers, scientists, naturalists, and veterinarians is often the only way to deter¬ 
mine their age. The use of radio telemetry, leg bands, microchips, and medical records 
have also been incorporated in studying these birds. 10-12 Organizations such as Hawk 
Watch International are important contributors to increasing the knowledge base for 
raptor aging and longevity. 



Fig. 1 . Juvenile great horned owl (Bubo virginianus). (Courtesy of Tim Tristan, DVM.) 
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Fig. 2. Adult great horned owl (Bubo virginianus). {Courtesy of Tim Tristan, DVM.) 


Aging raptors for all intensive purposes is an inexact science unless meticulous 
record keeping has been performed or is available. Therefore, identifying the geriatric 
raptor by the veterinarian requires a compilation of the information already stated in 
addition to the history, signalment, symptoms, and clinical signs. 

Morbidity , Mortality and Life Expectancy 

One approach to recognizing geriatric raptors is identifying morbidity and mortality 
events and their frequency, impact, and effect on raptor populations. These variables 
have a direct correlation with the life expectancy of wild raptors. The most well-docu¬ 
mented morbidity and mortality reports in the literature involve wild populations of 
birds of prey. Record life spans are listed in Table 1. 

Morbidity and mortality reports can be classified into 2 categories, human influence 
and environmental impact. Human influence affects birds of prey both directly and 
indirectly. The majority of mortality events in raptors are due to traumatic injuries. 1 7 “ 23 
Traumatic injuries may be the result of vehicular impact, collision with buildings, 
unspecified impact injuries, or gunshot wounds. 1 7,21,22,24_28 

Indirect impacts by humans may also be seen in the form of toxicoses and land devel¬ 
opment for human use. 29 The most well-publicized toxins affecting birds of prey are di- 
chlorodiphenyltrichloroethane (DDT) and lead. DDT resulted in a worldwide decrease in 
raptor populations. Since that time, DDT has been banned in most developed coun¬ 
tries. 30 Lead has also been identified as having a significant effect on raptor 
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Fig. 4. Adult barn owl (Tyto alba). (Courtesy of Kelly Shutt.) 


populations. Lead exposure is generally due to ingestion of prey items containing lead 
shot, fishing sinkers, or high tissue-lead concentrations. 31-33 The toxic side effects of 
lead have resulted in the ban of lead shot in North American wetlands and other places 
around the world. Non-lead alternatives such as steel, tungsten-nickel-iron, and 
bismuth-tin are now being used. There are numerous other toxins that are being inves¬ 
tigated such as mercury, cadmium, chromium, diclofenac, famphur, carbofuran, 
fensulfothion, second-generation anticoagulant rodenticides, and numerous organo- 
phosphates/carbamates and organochlorines. 34-44 Toxic compounds remain a serious 
threat to wild raptor populations. 

Human development in previously unpopulated areas results in more encounters 
with wildlife, including raptors and their food sources. This encroachment often results 
in displacement of birds from their native hunting grounds and a decrease in their 
home range. Hakkarainen and colleagues 45 discovered that the annual survival of 
Tengmalm’s owl was dependent on cover of old coniferous forests, and suggested 
that changes in habitat created by agriculture and forestry development may reduce 
adult survivability. Similar reports have prompted conservation efforts that also ensure 
preservation of habitat for raptor species. Electrocution from power lines and trauma 
from collisions with wind power generators have also been identified as causes of 



Fig. 5. Juvenile Eurasian eagle owl (Bubo bubo). (Courtesy of Tim Tristan, DVM.) 
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Fig. 6. Adult Eurasian eagle owl (Bubo bubo). (Courtesy of Patty Shoemaker Downtown 
Aquarium, Houston, TX.) 


mortality in raptors (Figs. 7 and 8). 17,21 ’ 24 ’ 25,46 The increase in the number of wind 
power generators over the coming years may have a significant impact in raptor 
populations. 

Environmental factors may also affect the survivability and longevity of raptors. 
Natural disasters such as forest fires, hurricanes, tornados, and extreme weather 
events (ie, winter freezes), may significantly impact wild populations. Two extreme 
winters in Switzerland resulted in major population declines in barn owls. 47 Sarasola 
and colleagues 48 reported 113 Swainson’s hawks and 45 birds of 11 other species 
that were found dead as a result of a single hailstorm in the Argentina Pampas. The 
event does not seem to be an isolated incident, as landowners have provided further 
evidence of past hailstorms with similar results. 

Morbidity and mortality due to natural causes may be the result of predation, intra¬ 
specific conflict, orphaned young, starvation, infection, and metabolic, neoplastic, and 
degenerative diseases. 49 Heckel and colleagues 50 documented 3 cases of suspected 
fatal snakebite inflicted on 2 juvenile red-tailed hawks and one adult Cooper’s hawk. 
Infectious causes of mortality may include bacterial, fungal, viral infections, and para¬ 
sitism. 51-53 The most recent viral infection affecting wild raptor populations in North 
America is the West Nile virus. 54-57 Other viral infections that have been identified in 
raptors include Columbid herpesvirus-1 in 2 Cooper’s hawks and falcon adenovirus 
in an American kestrel (Falco sparverius ). 58,59 Further medical conditions are covered 
later in the article. 

The age of some falconry birds may be known, often due to the fact that they were 
caught while in juvenile plumage or they were hatched by a falconer or aviculturist. 
Other birds used by falconers are of unknown age, and estimations must be made. 
In addition, many birds are used for hunting for only one season and subsequently 
released. Morbidity and mortality reports of falconry birds are sparse to nonexistent. 
Two reports in the literature revealed trauma as the primary cause of death in trained 
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Table 1 

Longevity records of raptors (wild, falconry, and zoo birds) 

Common Name 

Scientific Name 

Record Life Span 

References 

Turkey vulture 

Cathartes arua 

20 y 

13 

Eurasian black vulture 

Aegypius monachus 

39 y 

13 

White-backed vulture 

Gyps africanus 

19 y 

13 

Egyptian vulture 

Neophron percnopterus 

37 y 

13 

Black vulture 

Cora gyps at rat us 

25 y 6 mo 

14 

King vulture 

Sarcoramphus papa 

>40 y 

Flanagan J, personal 
communication, 2009 

Bearded vulture 

Gypaetus barbatus 

>40 y 

15 

Andean condor 

Vultur gryphus 

75 y 

13 

California condor 

Gymnogyps 

californianus 

45 y 

13 

Black-shouldered kite 

Elanus caeruleus 

6 y 

13 

Square-tailed kite 

Lophoictinia isura 

17y 

13 

Black kite 

Milvus migrans 

24 y 

13 

White-tailed kite 

Elanus leucurus 

5 y 11 mo 

14 

Mississippi kite 

Ictinia mississippiensis 

11 y 2 mo 

14 

Snail kite 

Rostrhamus sociabilis 

17 y 

13 

Red kite 

Milvus milvus 

38 y 

15 

Swamp harrier 

Circus aeruginosus 

20 y 

13 

Pallid harrier 

Circus macrourus 

13 y 

13 

Montagu's harrier 

Circus pygargus 

16 y 

13 

Northern harrier 

Circus cyaneus 

16 y 5 mo 

14 

Sharp-shinned hawk 

Accipiter striatus 

19 y 11 mo 

14 

Cooper's hawk 

Accipiter cooperii 

20 y 4 mo 

14 

Northern goshawk 

Accipiter gentilis 

>28 y 

14 

Harris' hawk 

Parabuteo unicinctus 

25 y 

13 

Red-tailed hawk 

Buteo jamaicensis 

28 y 10 mo 

14 

Common buzzard 

Buteo Buteo 

24 y 

14 

Red-shouldered hawk 

Buteo lineatus 

19 y 11 mo 

14 

Swainson's hawk 

Buteo swainsonii 

24 y 1 mo 

14 

Broad-winged hawk 

Buteo platypterus 

18 y 

13 

Rough-legged hawk 

Buteo lagopus 

18 y 

13 

Ferruginous hawk 

Buteo regalis 

23 y 8 mo 

14 

Hawaiian hawk 

Buteo solitarius 

17 y 

13 

Common black hawk 

Buteogallus anthracinus 

13 y 

13 

Golden eagle 

Aquila chrysaetos 

>48 y 

15 

Bald eagle 

Haliaeetus 

leucocephalus 

31 y 4 mo 

14 

White-tailed sea eagle 

Haliaeetus albicilla 

95 y 

15 

Spanish imperial eagle 

Aquila adalberti 

44 y 5 mo 

13 

Wedge-tailed eagle 

Aquila audax 

40 y 

13 

Eastern imperial eagle 

Aquila heliaca 

56 y 

13 

Steppe eagle 

Aquila nipalensis 

41 y 

13 

Lesser spotted eagle 

Aquila pomarina 

26 y 

13 

Tawny eagle 

Aquila rapax 

40 y 

13 

Short-toed eagle 

Circaetus gallicus 

17 y 

13 

(continued on next page) 
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Table 1 
(continued) 

Common Name 

Scientific Name 

Record Life Span 

References 

Chilean eagle 

Geranoaetus 

melanoleucus 

42 y 

13 

Sea eagle 

Gypohierax angolensis 

27 y 

13 

Harpy eagle 

Harpia harpyja 

16 y 

13 

New Guinea eagle 

Harpyopsis 

novaeguineae 

30 y 

13 

Bonelli's eagle 

Hieraaetus fasciatus 

20 y 

13 

Little eagle 

Hieraaetus 

morphnoides 

lOy 

13 

Philippine eagle 

Pithecophaga jefferyi 

41 y 

13 

Eurasian eagle-owl 

Bubo bubo 

68 y 

13 

Saker falcon 

Fa!co cherrug 

29 y 

15 

Brown falcon 

Falco berigora 

16 y 

13 

Eleonora's falcon 

Falco eleonorae 

11 y 

13 

Red-footed falcon 

Falco vespertinus 

13y 

13 

Gyrfalcon 

Falco rusticolus 

13 y 6 mo 

14 

Mauritius kestrel 

Falco punctatus 

10 y 10 d 

16 

Eurasian kestrel 

Falco tinnunculus 

23 y 

13 

American kestrel 

Falco sparverius 

17 y 

13 

Lesser kestrel 

Falco naumanni 

10 y 

13 

Prairie falcon 

Falco mexicanus 

17 y 3 mo 

14 

Peregrine falcon 

Falco peregrinus 

25 y 

13 

Merlin 

Falco columbarius 

12 y 

15 

Aplomado falcon 

Falco femoralis 

12 y 

13 

Crested caracara 

Caracara cheriway 

25 y 8 mo 

13 

Southern caracara 

Caracara plancus 

37 y 6 mo 

13 

Osprey 

Pandion haliaetus 

26 y 2 mo 

14 

Bateleur 

Terathopius ecaudatus 

>55 y 

15 

Barn owl 

Tyto alba 

28 y 

Flanagan J, personal 
communication, 2009 

Long-eared owl 

Asio otus 

27 y 

13 

Short-eared owl 

Asio flammeus 

21 y 5 mo 

14 

Barred owl 

Strix varia 

18 y 2 mo 

14 

Spotted owl 

Strix occidentalis 

21 y 

14 

Great gray owl 

Strix nebulosa 

12 y 9 mo 

14 

Boreal owl 

Aegolius funereus 

15 y 

13 

Northern saw-whet owl 

Aegolius acadicus 

17 y 

13 

Eastern screech owl 

Otus asio 

20 y 

14 

Western screech owl 

Otus kennicottii 

19 y 

13 

Flammulated owl 

Otus flammeolus 

7 y 

14 

Great horned owl 

Bubo virginianus 

29 y 

14 

Snowy owl 

Nyctea scandiaca 

28 y 

13 

Burrowing owl 

Athene cunicularis 

11 V 

13 

Little owl 

Athene noctua 

9 y 

13 

Eurasian pygmy owl 

Glaucidium passerinum 

6 y 

13 

Eurasian scops-owl 

Otus scops 

6 y 

13 

Elf owl 

Micrathene whitneyi 

14 y 

13 
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Fig. 7. Birds of prey, such as this osprey (Pandion haliaetus), are frequently seen perched on 
power lines while hunting for prey. (Courtesy of Tim Tristan, DVM.) 


raptors. 60,61 One report involved the British Falconry Club (BFC) where 197 trained 
raptors were followed over a 6-year period and 76 (38.5%) deaths were recorded. 
Twenty-four (12.1 %) birds died as a result of trauma. Anecdotal reports also support 
that a common cause of raptor mortality is trauma, whereas others report infectious 
disease, ophthalmic disease, and organ failure as being more common. 

Probably the best documentation of geriatric raptors is by zoologic institutions and 
educational facilities. These birds may have been acquired through breeding 
programs, conservation projects, and wildlife rehabilitation centers. Many birds 
used for educational programs or exhibits originate from rehabilitation facilities where 
it has been determined the animal is unfit for release. Other projects, such as the Cal¬ 
ifornia Condor Conservation project, are an integral part of zoo and wildlife conserva¬ 
tion efforts in expanding the knowledge base of the many aspects of their care. 
Rehabilitation facilities frequently use nonreleasable individuals as animal ambassa¬ 
dors to educate the public on the pressures inflicted by humans on birds of prey. 



Fig. 8. A red tailed hawk (Buteo jamaicensis) found near an electrical transformer had severe 
burns on the talons leading to a diagnosis of electrocution. (Courtesy of Tim Tristan, DVM.) 
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When compared with other methods of evaluating morbidity and mortality reports of 
geriatric birds, zoo and educational birds are the most significant resource available. 

DISEASE CONDITIONS 

Musculoskeletal Diseases (Degenerative Joint Disease and Osteoarthritis) 

Musculoskeletal changes due to age are most often related to osteoarthritis and 
degenerative joint diseases. Although these terms may be interchanged frequently, 
they are distinct. Osteoarthritis is a pathologic change of a diarthrodial synovial artic¬ 
ulation, including the deterioration of articular cartilage, osteophyte formation, bone 
remodeling, soft tissue changes, and low-grade nonpurulent inflammation. Degener¬ 
ative joint disease, in comparison, is a general term used to describe any degenerative 
change in synovial cartilaginous or fibrous articulation in the skeleton. The increase in 
life expectancy in domestic animals and the associated geriatric conditions such as 
arthritis has resulted in development of improved diagnostics and treatment modali¬ 
ties for these patients. The information gained from domestic species has allowed 
for a better understanding of these conditions in avian species, although much work 
remains to be done. 

Few reports in the literature discuss osteoarthritis or degenerative joint diseases in 
birds as it relates to age. Disease conditions such as gout, bacterial and fungal oste¬ 
omyelitis, and trauma-related injures comprise the majority of bone- and joint-related 
reports. Rothschild and Panza 62 examined museum specimens of 2243 free-ranging 
hawks and determined that 3% had osteoarthritis, all localized to the ankle. In addi¬ 
tion, there was not enough evidence to correlate age with the development of osteo¬ 
arthritis. Despite this fact, geriatric birds seen by veterinarians frequently present with 
bone- and joint-related disease conditions. Cooper 63 describes a condition seen in 
older raptors resembling rheumatoid arthritis in which one or both legs become stiff 
and the bird is unable to stand. The patients’ symptoms may resolve but often reoccur 
with intermittent signs of collapse. A cardiovascular component to the condition has 
been hypothesized. Many raptors examined by veterinarians have preexisting medical 
conditions that predispose them to arthritis. Previous traumatic injuries are the most 
common cause of development of arthritis in patients seen by the author. Wing injuries 
involving the humerus, radius, ulna, and carpus have all been associated with devel¬ 
opment of osteoarthritis and degenerative joint disease. Osteoarthritis also occurs in 
the long bones of the legs, but is less frequently observed in comparison with the wing. 
Fractures that are near the joints appear to result in the most severe cases of degen¬ 
erative joint disease and osteoarthritis. The contradiction in reports of osteoarthritis in 
wild caught birds as opposed to that described anecdotally by veterinarians may be 
due to the status of the birds (ie, wild vs captive). Wild birds that are presented to reha¬ 
bilitation facilities rarely have chronic bone or joint disease. The limited number of 
raptors presented to rehabilitation facilities with chronic joint injuries is likely due to 
their decreased ability to effectively hunt and sustain their caloric needs in the wild. 

Falconry birds with osteoarthritis and degenerative joint disease of the shoulder, 
elbow, carpus, stifle, and tarsus are seen occasionally. The most frequent diagnosis 
of arthritis in falconry birds made by the author is related to the elbow and tarsus. Histor¬ 
ical reports of trauma and bumblefoot related injuries seem to be predisposing factors 
affecting the development of osteoarthritis in these 2 areas. Raptors in zoologic collec¬ 
tions seen with osteoarthritis and degenerative joint disease are becoming more 
frequent due to the increased longevity and extensive veterinary care these birds 
receive. In the author’s experience, arthritis in these individuals is most frequently 
located in the stifle and tarsus; this is likely due to lack of conditioning or obesity. 
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Arthritis is usually is suspected due to clinical signs. Arthritis related to the legs may 
result in shifting leg lameness, development of bumblefoot, joint and leg swelling, 
edema, uncoordinated movements, curling of the foot, and decreased range of 
motion. Arthritis related to the wings may also result in many of the same conditions, 
including wing drooping or inability to place the wing in full extension or flexion. 
Raptors that are part of a show or program will frequently exhibit behavioral cues 
that indicate there may be a problem. Decreased activity level, inability to capture 
and hold prey, failure to meet criteria for specific behaviors, and inappetence may 
all be observed by falconers, keepers, and trainers as well as veterinarians. 

A thorough physical examination should begin with visual examination of the patient 
before the “hands on” examination. Most birds of prey, like many other avian species, 
will appear normal on first glance. Given time, once the birds become more comfort¬ 
able with their surroundings and presence of onlookers, clinical signs may be noted. 
Only when the bird has been fully evaluated visually should it be captured for the phys¬ 
ical examination. Many veterinarians perform a physical examination and then perform 
a more in-depth orthopedic examination to evaluate bone and joint conditions. The 
orthopedic examination is conducted on the legs and wings, starting distally and 
working toward the most proximal joint. Each joint is manipulated in flexion and exten¬ 
sion to evaluate for crepitus, decreased range of motion, or other abnormalities. Care 
must be taken by the examiner when evaluating the feet as injury may occur if taloned 
by the patient. On completion of the physical examination, diagnostics may be 
pursued. 

The primary diagnostic used to evaluate for osteoarthritis and degenerative joint 
disease is radiography. The advent of digital radiography has revolutionized diag¬ 
nostic imaging for evaluating birds, including raptors. Ultrasound, computed tomog¬ 
raphy, and magnetic resonance imaging have also been used to further evaluate 
patients. Once the region of arthritis has been identified, a thorough diagnostic workup 
should be performed to identify the possible cause. Infectious, inflammatory, trau¬ 
matic, neoplastic, nutritional, metabolic, and other differentials should be excluded 
before a final diagnosis of a degenerative joint or bone condition is definitively 
diagnosed. 

Treatment of osteoarthritis should be addressed using a multimodal approach. First, 
identification of the arthritic location and the classification of the joint or bone should 
be performed. The classification of the joint (ie, fibrous, cartilaginous, synovial) may 
dictate which treatments may be most advantageous for the patient. In addition, 
husbandry conditions may need to be modified to improve the outcome. 

Husbandry changes may include perch selection, exhibit location, activities per¬ 
formed, and environmental exposure. Obesity may complicate osteoarthritis and 
exacerbate the condition. For this reason, a raptor’s weight should be monitored 
frequently, if not daily, to allow adjustments when needed. Weight management not 
only decreases the load the joints must carry but also prevents other conditions 
such as hepatic lipidosis. Osteoarthritis in the legs and feet frequently causes redistri¬ 
bution of weight onto the less affected foot, and may result in bumblefoot. Multiple 
perches of various sizes with appropriate cover (ie, artificial turf) should be used to 
aid in prevention of foot lesions caused by inappropriate weight distribution (Fig. 9). 
Birds on exhibit may select perches that are inappropriate for their needs to avoid 
close association with the public or staff. Thought should be given to the types of 
materials being used and the location in which they are being placed. Individuals 
that fly in shows or hunt may have to decrease the frequency with which they perform 
these tasks to prevent further damage or more serious life-threatening injuries. 
Removal from shows or hunting should be done in a gradual manner to prevent 
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Fig. 9. Osteoarthritis is seen more frequently in birds of prey such as this Southern Caracara 
(Caracara plancus ) due to their increased longevity in captivity. Visualizing subtle clinical 
signs requires visual observation of the patient before restraint and "hands on" exam. 
(Courtesy of Tim Tristan, DVM.) 


disease conditions such as avascular necrosis of the third digit, as seen in some 
raptors in the Middle East after the hunting season. 64 These determinations are 
made on a case by case basis and criteria for these decisions depend on the severity 
of the arthritis, other disease conditions, and experience of the falconer, keepers, or 
trainers. The stress of performing or being on exhibit for extended periods of time 
are factors that may be manipulated for some geriatric raptors to improve their well¬ 
being. 

Pharmaceutical therapy is the most common and beneficial tool used by veterinar¬ 
ians to treat osteoarthritis. Multiple drugs are being used, with marked success, in 
many domestic and avian species. Nonsteroidal anti-inflammatory drugs (NSAIDS) 
are probably the most frequently used drugs, prescribed for their anti-inflammatory 
and analgesic properties in birds. 65-71 Unfortunately, limited pharmacokinetic data 
exist for their use in avian species. In domestic species that have been studied 
more extensively, patients are monitored for side effects related to liver function, renal 
function, and gastrointestinal erosions. In these species, a standard hematology and 
chemistry profile is performed before initiating therapy, and periodically thereafter. The 
same protocol is recommended in birds before starting NSAID therapy. If renal, 
hepatic, or gastrointestinal conditions are identified before starting NSAIDS, consider¬ 
ation must be given to the benefit versus risk. Many of these drugs (aspirin, ketopro- 
fen, ibuprofen, flunixin meglumine, phenylbutazone) have fallen out of favor due to 
toxic side effects seen in birds, including renal failure, prolonged clotting times, and 
gastrointestinal ulceration. 72 At present, the 2 most frequently used NSAIDS used in 
avian species are carprofen (Rimadyl) and meloxicam (Metacam). Both drugs have 
shown adequate analgesia in osteoarthritis as well as other painful conditions, and 
minimal side effects compared with their predecessors. Other NSAIDS such as 
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celecoxib are being used in psittacines, but their use in raptors has not yet been 
evaluated. 73 

Opioids, although used commonly in domestic animals such as dogs and cats, have 
had limited use in avian species. Part of the reason is a lack of published data on opiate 
receptors and their distribution and function in avian species. There is increasing debate 
over the roles of k, \ 11 , and 5 receptors and their response to specific opiates. Morphine, 
butorphanol, buprenorphine, fentanyl, and codeine have all been investigated for their 
use in birds, but few have been evaluated for their use in raptors. 72,74-85 Opioids are 
most often used for presurgical administration in birds, but are rarely used long term 
in any species because of potential side effects including cardiac and respiratory 
depression, sedation, euphoria, inappetence, and constipation. 

Tramadol is used for pain control in several different species due to its affinity for the 
[i receptor, yet it is not classified as an opioid. Tramadol is thought to provide anal¬ 
gesia by acting on opioid, serotonin, and norepinephrine pathways. 86 Tramadol is 
frequently used for chronic pain in other species, and is thought to work synergistically 
with NSAIDS. A study performed by Souza and colleagues 87 evaluated 6 bald eagles 
administered tramadol intravenously and orally to determine plasma concentrations 
over time. 87 The author has used tramadol, 1 to 4 mg/kg, in raptors and psittacines, 
with promising results. In 2 cases of osteoarthritis in red-tailed hawks {Buteo jamai- 
censis) older than 20 years, positive results were noted by trainers and staff, with no 
evidence of side effects. Further investigations need to be performed to evaluate 
the analgesic properties of tramadol in raptors. 

Nutraceuticals are often used as part of the treatment protocol for many species 
with osteoarthritis. Products such as Cosequin, Adequan, and others contain glucos¬ 
amine, chondroitin sulfate, and Omega-3 fatty acids. These products are intended to 
help rebuild the cartilage that has broken down over time and repair damage that has 
been done. Although there are few reports in the literature, the author has seen posi¬ 
tive results with Cosequin administered orally to several avian species including 
raptors. 88 

Tricyclic antidepressants including amitriptyline, clomipramine, and imipramine 
provide relief to individuals with chronic neuropathic pain, and are thought to alter 
the actions of serotonin and norepinephrine both centrally and peripherally. 89 The 
majority of the reports related to birds in the literature are in reference to feather 
picking and self-mutilating psittacines. The use of tricyclic antidepressants in raptors 
remains to be seen. Conditions such as self-mutilation in Harris hawks may also 
benefit from this class of drug. 90,91 

The anticonvulsant gabapentin is clinically effective in relieving some types of 
chronic pain in people, and has been used in dogs and cats, yet the mechanism of 
action is unclear. Side effects seen in cats include ataxia and sedation. One report 
of gabapentin use in birds reported a dose of 10 mg/kg given twice a day by mouth 
in a little corella. 92 A second case of a Senegal parrot (Poicephalus senegalus) with 
leg twitching and foot mutilation caused by neuralgia reported the use of gabapentin 
at a dose of 3 mg/kg every 24 hours by mouth to be effective. 93 To the author’s knowl¬ 
edge there are no reports of gabapentin use in raptors. 

Physical therapy, including passive range of motion and techniques used by falconers 
for conditioning, can aid in treatment of osteoarthritis and result in an improved quality of 
life. Rehabilitation and physical therapy are discussed in a later section. 

Neoplasia 

Neoplastic disease conditions have been reported in the literature with increased 
frequency as the life span of birds has steadily increased. Neoplastic conditions 



64 


Tristan 


reported in raptors are listed in Table 2. Diagnosis of neoplasia is dependent on 
history and physical examination findings, but may also require advanced diagnostic 
techniques. Radiography, computed tomography, ultrasonography, cytology, and 
histopathology may each be crucial in the definitive diagnosis of neoplasia. 

Treatment of neoplastic disease conditions depends on the type, location, expected 
response to therapy, and condition of the patient. Once these variables have been 
determined, a palliative, moderate, or aggressive course of therapy should be chosen. 
Therapy may include surgical excision, cryotherapy, chemotherapy, photodynamic 
therapy, radiation therapy, or any combination of these. Most neoplastic tumors in 
raptors reported in the literature have been surgically excised. 94 Chemotherapy 
agents including prednisolone, doxorubicin, cisplatin, carboplatin, chlorambucil, 
cyclophosphamide, vincristine, and a-interferon have all been used in the treatment 
of specific neoplastic conditions in other orders of birds, primarily psittacines. 98-105 
Radiation therapy was performed in a golden eagle (Aquila chrysaetos) with squamous 
cell carcinoma. 106-108 Although neoplastic conditions may occur in raptors at any age, 
they primarily occur in older geriatric raptors. 

Cardiovascular Disease 

Cardiovascular disease in avian species has recently received more attention in the 
veterinary literature, yet the information available is still limited. In addition, most 
reports of cardiovascular disease involve psittacines, and those in raptors are 
primarily diagnosed post mortem. Finding cardiovascular disease on postmortem 
examination also leaves the question of whether the cardiovascular disease was the 
primary cause of death, a contributory cause of death, or an incidental finding. A 
combination of history, physical examination, clinical signs, and diagnostic testing 
may need to be used to formulate a diagnosis and illuminate the affects associated 
with cardiovascular disease in raptors. 

The physical examination should begin with a visual assessment of the bird in its 
enclosure or mew, followed by examination on the fist, before the “hands-on” physical 
examination is performed. Clinical signs of cardiovascular disease may vary, but 
include exercise intolerance, dyspnea, ascites, weakness, neurologic signs, edema 
of the head and feet, and sudden death. The physical examination should include 
a complete evaluation of the patient including auscultation of the heart and lungs. 
Auscultation may reveal arrhythmias, murmurs, and pulmonary congestion, but may 
be difficult to assess due to the elevated heart rate compared with other species. 
The veterinarian must be cognizant of the response of the bird to handling, and be 
prepared to terminate the examination if the patient’s condition declines. Dyspnea, ta¬ 
chypnea, collapse, syncope, or seizure activity may all warrant termination of the 
examination. Special attention should be paid to the extremities (especially the tarsus 
and digits), as swelling is commonly seen in older raptors with cardiovascular disease. 

Diagnostic testing may include hematology, biochemistry, radiography, echocardi¬ 
ography, endoscopy, electrocardiography, and blood pressure measurement. 

Radiographs allow visualization of the heart, aorta, brachiocephalic trunk, and 
pulmonary vessels. Abnormalities may be seen with the size and shape of the heart, 
increased radiodensity of large vessels (ie, arteriosclerosis), and enlargement of 
vessels such as the aorta. Changes in the lungs, liver, and air sacs, secondary to heart 
disease, may also be noticed, including hepatomegaly, increased radiodensity of the 
lungs, pleural effusion, and ascites. Measurement of heart length is difficult to assess 
due to the superimposition of the apex of the heart over the liver. Recommendations 
for psittacines have been made, which involve measurement of the heart silhouette on 
ventrodorsal radiographs at its maximum width compared with the width of the thorax 
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Table 2 






Neoplasia reports in birds of prey 





Number of 
Cases in the 


Average 

Age 


Tumor 

Literature 

Species 

Age 

Range 

References 

Fibrosarcoma 

17 

Multiple species 

6.9 y 

6 mo to 12 y 

94 

Myxofibroma 

1 

Cape griffon 
vulture 

17 y 

17 y 

94 

Fibroma 

1 

European kestrel 

Unknown 

Unknown 

94 

Histiocytic 

2 

Great horned owl 

<1 y and one <1 y and one 

94 

carcinoma 



adult 

adult 


Lipoma 

4 

Multiple species 

13 y 

9-16 y 

94 

Osteosarcoma 

2 

Hybrid falcon. 

Unknown 

Unknown to 

94 



Eurasian buzzard 


adult 


Osteoma/ 

Chondroma 

4 

Multiple species 

13 y 

6-15 y 

94 

Rhabdomyosarcoma 

1 

Lappet-faced 

19 y 

19 y 

94 



vulture 




Leiomyoma 

2 

Golden eagle. 

17 y 

17 y 

94,95 



peregrine falcon 




Mixed cell tumor 

1 

Seychelles kestrel 

30 d 

30 d 

94 

Adenocarcinoma 

16 

Multiple species 

21.4 y 

6-26 y 

94 

Adenoma 

1 

Multiple species 

13.5 y 

7-20 y 

94 

Bile duct carcinoma 

3 

Multiple species 

23 y 

13-33 y 

94 

Cholangiocarcinoma 

1 

Red-tailed hawk 

Unknown 

Unknown 

96 

Cystadenocarcinoma 

1 

Peregrine falcon 

Unknown 

Unknown 

95 

Cholangiocellular 

1 

Golden eagle 

Unknown 

Unknown 

97 

carcinoma 
and renal 
adenocarcinoma 






Carcinoma 

5 

Multiple species 

8 y 

18 mo to 2 y 

94 

Thyroid follicular 

1 

Crested caracara 

7y 

7y 

94 

cystadenoma 






Thyroid cystic 

1 

Black-chested 

>27 y 

>27 y 

94 

fibroadenoma 


Buzzard eagle 




Adrenal cortical 

1 

Long-crested eagle 

20 y 

20 y 

94 

adenoma 






Squamous cell 

13 

Multiple species 

8.7 y 

4-15 y 

94 

carcinoma 






Epidermoid 

2 

Red-tailed hawk 

Unknown 

Unknown 

94 

carcinoma 






Papilloma 

6 

Multiple species 

4 y 

6 mo to 9 y 

94 

Hemangioma 

1 

Peregrine falcon 

15 y 

15 y 

94 

Mast cell tumor 

3 

Multiple owl 

Unknown 

Unknown 

94 



species 




Melanoma 

3 

Multiple owl 

20 y 

10-31 y 

94 



species 




Astrocytoma 

1 

Great horned owl 



94 

(continued on next page) 
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Table 2 
(continued) 

Tumor 

Number of 
Cases in the 
Literature 

Species 

Average 

Age 

Age 

Range 

References 

Malignant 

4 

Multiple species 

12 y 

>8-18y 

94 

lymphoma 






Malignant thymoma 

1 

Saker falcon 

12 y 

12 y 

94 

Lymphoid leukosis 

4 

Multiple species 

2.5 y 

3 mo to 3 y 

94 

Erythoblastosis 

1 

Gyrfalcon 

Unknown 

Unknown 

94 

Lymphosarcoma 

3 

Multiple species 

22 y 

22 y 

94 

Teratoma 

1 

Eurasian buzzard 

lOy 

lOy 

94 

Xanthoma 

3 

Multiple species 

18 y 

2 to >40 y 

94 

Mesothelioma 

2 

Ferruginous hawk 

4.5 y 

4-5 y 

94 


at the same level. 109 In medium-sized psittacines (200-500 g) the width of the cardiac 
silhouette should be 51% to 61% of the thoracic width. Hanley and colleagues 110 
determined that the width of the cardiac silhouette in the Canadian goose was 47% 
to 57% of the thoracic width, so species variation seems to exist. Radiographic 
measurements in raptors remain to be evaluated. 

Echocardiography allows further evaluation of the heart structure, function, and 
kinetics. Visualization of the heart is achieved by a ventromedian approach with the patient 
in a slightly upright position. On occasion feathers must be removed to allow better contact 
between the probe and the patient. Echocardiography may reveal decreased contractility, 
increased thickness of heart chambers and vessels, pericardial effusion, and valvular 
dysfunction. Color flow Doppler greatly improves diagnostic capabilities regarding evalu¬ 
ation of the heart valves. Reference values have been established for psittacines, pigeons, 
and raptors. 111 Reference values of echocardiograms for raptors are listed in Table 3. 

Electrocardiography (ECG) may be used for the detection of arrhythmias, conduc¬ 
tion disorders, metabolic disorders, and ventricular enlargement. ECG may also be 
used along with echocardiography to allow measurement at definitive stages of the 
heart cycle. ECG reference values have been evaluated for multiple Falconiformes 
and Strigiformes in a study by Burtnick and Degernes. 112 Reference values of ECG 
for raptors are listed in Table 4. 

Endoscopy is another diagnostic tool used for direct visualization of the heart, great 
vessels, and cardiovascular associated structures. 

Diagnostic evaluation should be used to investigate for primary cardiovascular 
disease as well as conditions that may result in secondary cardiac disease such as 
gout and septicemia. Reports of cardiovascular disease in raptors include atheroscle¬ 
rosis, ischemic heart disease, vegetative endocarditis, aortic ruptures, toxemia, 
myocarditis, pericardial effusion, dilated cardiomyopathy, and neoplasia. 

Atherosclerosis has been frequently described in birds of prey. Keymer 113 analyzed 
over 125 birds of prey and found that 10% of Falconiformes and more than 15% of 
Strigiformes were afflicted with this form of heart disease. More than 85% of the Fal¬ 
coniformes were older than 10 years and all but one of the Strigiformes was older than 
12 years. Finlayson 114 noted that the highest incidence of lipid-containing plaques 
occurred in Falconiformes, approaching 54% in comparison with 6 other Orders of 
birds in which incidence was between 20% and 30%. Lesions frequently seen with 
atherosclerosis primarily affect the brachiocephalic trunk and abdominal aorta, with 











Table 3 

Electrocardiogram (Lead II) heart rate and duration of ECG intervals under anesthesia with ketamine and xylazine 

Heart Rate 


Common Name 

Scientific Name 

n 

(Beats/min) 

P(s) 

PR (s) 

QRS (s) 

QT (s) 

Bald eagle 

Haliaeetus 

leucocephalus 

20 

82 (50-160) 

0.041 (0.03-0.06) 

0.091 (0.07-0.11) 

0.029 (0.02-0.04) 

0.135 (0.11-0.165) 

Great horned owl 

Bubo virginianus 

8 

111 (100-130) 

0.037 (0.03-0.05) 

0.086 (0.07-0.1) 

0.025 (0.02-0.03) 

0.149 (0.125-0.165) 

Red-tailed hawk 

Buteo jamaicensis 

11 

122 (80-220) 

0.032 (0.02-0.035) 

0.071 (0.05-0.09) 

0.025 (0.02-0.03) 

0.116 (0.08-0.165) 

American kestrel 

Falco sparverius 

8 

158 (120-200) 

0.03 (0.03-0.035) 

0.059 (0.05-0.065) 

0.021 (0.015-0.025) 

0.099 (0.085-0.12) 

Golden eagle 

Aquila chrysaetos 

2 

100 (100) 

0.043 (0.04-0.045) 

0.09 (0.085-0.095) 

0.025 (0.025) 

0.142 (0.135-0.15) 

Peregrine falcon 

Falco peregrinus 

2 

95 (90-100) 

0.035 (0.035) 

0.072 (0.07-0.075) 

0.025 (0.025) 

0.135 (0.125-0.145) 

Barred owl 

Strix varia 

2 

120 (100-140) 

0.055 (0.05-0.06) 

0.105 (0.1-0.11) 

0.027 (0.025-0.03) 

0.145 (0.14-0.15) 

Saw-whet owl 

Aegolius acadicus 

2 

240 (200-280) 

0.018 (0.01-0.025) 

0.055 (0.05-0.06) 

0.02 (0.02) 

0.102 (0.085-0.12) 

Cooper's hawk 

Accipiter cooperii 

2 

160 (140-180) 

0.027 (0.025-0.03) 

0.062 (0.055-0.07) 

0.025 (0.025) 

0.098 (0.095-0.1) 

Sharp-shinned hawk 

Accipiter striatus 

2 

220 (200-240) 

0.03 (0.03) 

0.06 (0.055-0.065) 

0.02 (0.02) 

0.11 (0.09-0.13) 


Data from Burtnick NL, Degernes LA. Electrocardiography on fifty-nine anesthetized convalescing raptors. In: Redig PT, Cooper JE, Remple JD, et al, editors. Raptor 
biomedicine. Minneapolis: University of Minnesota Press; 1993. p. 111-21. 
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Table 4 

Echocardiographic parameters in raptors 


Diurnal Raptors 

Diurnal Raptors 

Parameter 

Horizontal View 

Vertical View 

Body mass 

720 ± 197 


Left ventricle 

Length systole (mm) 

14.7 ± 2.0 male 

14.7 ± 4.5 female 

17.7 ± 1.2 male 

18.2 db 4.7 female 

Length diastole (mm) 

16.5 ± 1.8 male 

16.3 ± 4.5 female 

19.3 dz 1.6 male 

20.1 ± 5.2 female 

Width systole (mm) 

6.1 ± 0.8 male 

6.8 ± 1.7 female 

6.6 ± 0.9 male 

7.7 dz 1.8 female 

Width diastole (mm) 

7.4 ± 1.0 male 

8.3 ± 1.8 female 

7.5 dz 1.0 male 

8.9 dz 2.1 female 

Width fractional shortening (%) 

unknown 

unknown 

Right ventricle 

Length systole (mm) 

12.6 ± 1.9 male 

13.0 ± 4.6 female 


Length diastole (mm) 

13.8 ± 1.8 male 

14.2 d= 4.2 female 


Width systole (mm) 

2.1 db 0.5 male 

2.2 =b 0.8 female 


Width diastole (mm) 

2.5 db 0.7 male 

2.5 db 1.1 female 


Width fractional shortening (mm) 

Unknown 


Interventricular septum 

Thickness systole (mm) 

1.8 db 0.4 male 

2.0 =b 0.8 female 


Thickness diastole (mm) 

1.9 db 0.4 male 

2.0 db 0.7 female 


Aorta diameter diastole 

2.7 =b 0.4 male 

2.9 db 0.4 female 



Data from Pees M, Krautwald-Jughanns ME. Cardiovascular physiology and disease of pet birds. 
Vet Clin North Am Exot Anim Prac 2009;12(1):81-97; Boskovic M, Krautwald-Junghanns ME, Failing 
K, et al. Moglichkeiten und Grenzen echokardiographischer Untersuchungen bei Tag- und Nacht- 
greifvogeln (Accipitriformes, Falconiformes, Strigiformes). Tierarztl Prax 1995;27:334-41. 


similar lesions occurring in the subclavian, carotid, and femoral arteries. Gross 
necropsy may reveal degenerative changes and decrease in the lumen of the arterial 
wall by deposits of collagen, cholesterol, or calcium, but in some cases gross post¬ 
mortem examination may be unremarkable. 115 Obesity and lack of exercise seem to 
be predisposing factors. 

Infectious causes of heart disease are primarily the result of bacterial infections but 
may also be caused by fungi and parasites resulting in endocarditis, myocarditis, and 
pericarditis. Vegetative endocarditis has been reported as a result of bumblefoot 
caused by frostbite in various species of birds, including raptors. 116 Other infectious 
causes include salpingitis, nephritis, and hepatitis. Myocarditis may be the result of 
infections with bacteria, fungi, viruses, and parasites. The protozoan parasite Sarco- 
cystis spp has been reported in European sparrowhawks. 72 In addition, 
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histopathological changes consistent with myocarditis were seen in 23 of 38 raptors 
diagnosed with West Nile virus in a report by Saito and colleagues in 2007. 55 

Metabolic conditions such as gout may also affect cardiac function. Renal and 
hepatic tissues are frequently affected by visceral gout. Other conditions such as 
dilated cardiomyopathy and degenerative cardiac disease have been seen in bearded 
vultures and bald eagles with lead toxicity, respectively. 72 

The limited cases of cardiovascular disease diagnosed antemortem has resulted in 
few reports of drug use for these disease conditions in raptors. The author has used 
enalapril on a red-tailed hawk (Buteo jamaicensis) and a golden eagle (Aquila chrysae- 
tos) at a dose of 0.5 to 1.0 mg/kg every 24 hours by mouth, with no ill effects. Treat¬ 
ment of cardiovascular disease in raptors is an area where much work is still needed. 

Organ Failure 

Hepatic disease and renal disease are frequently identified disease conditions that 
affect older raptors, yet there are few reports in the literature. 117 Hepatic and renal 
disease may be the result of several different origins including infectious, inflamma¬ 
tory, degenerative, metabolic, toxic, and neoplastic conditions. Hepatic diseases 
commonly include hepatic lipidosis, amyloidosis, mycobacteriosis, viral disease, 
and toxin accumulation. Renal diseases include amyloidosis, neoplasia, gout, viral 
disease, and toxin accumulation. 

Ocular Disease 

Falconers, zoologic institutions, and educational facilities frequently present raptors to 
veterinarians with ophthalmic disease associated with old age. Most forms of ocular 
disease in raptors are the result of traumatic injuries, many of which predispose 
raptors to chronic ocular conditions such as cataracts. 118-121 Early detection, diag¬ 
nosis, and treatment afford the patient the best chance for a favorable outcome. 

History is a vital part of the information required when presented with a bird with an 
ocular condition. Although many traumatic injuries may occur while hunting or during 
handling by trainers or staff, it may also occur when the bird is on exhibit or in its mew. 
In these instances, the exact cause of the injury may not be known and the clinical 
signs may be the first indication of a problem. Clinical signs may consist of a closed 
eye, ocular discharge, blepharitis, hyphema, hypopyon, lens luxation, inability to close 
the eye, and anisocoria. Conditions such as iris discoloration due to chronic inflamma¬ 
tion, cataract formation, and blindness may be seen with chronic disease. 

Visual examination of the patient should be performed, as stated earlier, before 
a physical examination is performed. Birds that are not trained to come to the glove 
may initially need to be examined from a distance. If this occurs, binoculars may be 
used for initial evaluation of the patient without direct or close contact with the bird. 
Further, “hands-on” examination of the patient may require the use of an ophthalmo¬ 
scope, fluorescein dye, a Schirmer tear test (STT), tonometry, slit-lamp biomicro¬ 
scopy, and indirect ophthalmoscopy. Fluorescein staining is a quick, inexpensive 
technique that is frequently used for diagnosis of corneal defects from penetrating 
wounds, toxin exposure, and other corneal injuries. 122 Korbel and Leitenstrofer 123 
evaluated the use of a modified STT strip in normal birds of prey and identified refer¬ 
ence ranges for Falconiformes and Strigiformes. Reference values for STT in raptors 
are listed in Table 5. Marked decreases in the STT ranges were noted in Strigiformes, 
likely due to their small or absent orbital lacrimal gland. A wide reference range was 
reported and recommendations were made to assess birds based on their age, 
gender, and species differences. Further evaluation of the STT has been evaluated 
in screech owls and tawny owls. 124,125 Tonometry can also be used for evaluation 








Table 5 

Lacrimal function of normal eyes measured using a modified Schirmer tear test (STT) 


Common Name 

Scientific Name 

Strip (mm) 

No. of Birds 

No. of Eyes 

STT with Topical 
Anesthesia (mm/min) 

STT without Topical 
Anesthesia (mm/min) 

STT with General 
Anesthesia (mm/min) 

Common kestrel 

Falco tirmunculus 

5 

15 

30 

4.07 db 2.7 

1.96 db 1.7 

2.34 db 1.5 

Falco spp 

Falco spp 

5 

12 

24 

14.44 ± 7.2 

4.17 db 3.1 

8.26 db 4.6 

Common buzzard 

Buteo buteo 

5 

12 

24 

11.5 ± 5.4 

5.9 db 3.1 

6.81 db 3.8 

Sparrow hawk 

Accipiter nisus 

5 

4 

8 

10.63 ±4 

3.6 db 1.7 


Strigiformes 

Strigiformes 

2 

6 

10 

2.7 db 1.4 

1.25 ± 0.6 


Tawny owls 

Strix aluco 

2 

Unknown 

Unknown 

3.2 db 0.4 a 



Screech owls 

Megascops asio 

Unknown 

21 

21 

2.0 with a range of 2-6 




a It is unknown whether topical or general anesthesia was used in the birds in these studies. 

Data from Korbel R, Leitenstorfer P. Clinical estimation of lacrimal function in various bird species using a modified Schirmer tear test. Isr J Vet Med 1996;51: 
171-5; Williams DL, Villavincencio CM, Wilson S. Chronic ocular lesions in tawny owls (Strix aluco) injured by road traffic. Vet Rec 2006;159:148-53; Harris MC, 
Schorling JJ, Herring IP, et al. Ophthalmic examination findings in a colony of Screech owls (Megascops asio). Vet Ophthalmol 2008; 11(3): 186-92. 
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of intraocular pressures in raptors with uveitis and glaucoma. Primary and secondary 
causes of glaucoma have been reported in raptors, with 10 of 13 cases occurring in 
great horned owls (Bubo virginianus ). 118 ’ 126 Reference ranges have been established 
for various birds of prey including red-tailed hawks (Buteo jamaicensis), Swainson’s 
hawks (Buteo swainsoni ), golden eagles (Aquila chrysaetos), bald eagles (Haliaeetus 
leucocephalus), tawny owls (Strix aluco), Eurasian eagle owls (Bubo bubo), and great 
horned owls (Bubo virginianus ). 127 ’ 128 Reference values for intraocular pressures in 
raptors are listed in Table 6. Many clinicians do not frequently perform indirect 
ophthalmic evaluation; however, it should be strongly considered as it provides visu¬ 
alization of a wide field of view of the retina. 

The causes of ophthalmic disease are as numerous for raptors as they are for 
domestic species. Despite this fact, traumatic events dominate the reports in the liter¬ 
ature. Additional reports including degenerative, nutritional, neoplastic, infectious, 
inflammatory, metabolic, and toxic causes of ocular disease can also be found. 130-133 
The most common disease condition seen in geriatric raptors, second only to oste¬ 
oarthritis, is the development of cataracts. Cataracts can develop in birds due to trau¬ 
matic, developmental, genetic, toxic, or inflammatory lesions. 134-136 Cataracts may be 
further classified as traumatic, juvenile, or senile types. 133 Senile cataracts are the 
second most frequently quoted type of cataract after those resulting from traumatic 
injuries. 133,137-139 Recommended treatment may be palliative, medical, or surgical. 
Surgical therapy may be chosen due to the inability to apprehend food, inability to 
mate, continued self trauma, or other factors that may affect quality of life. Surgical 
treatment of cataracts has been accomplished by needle aspiration, extracapsular 
extraction, and ultrasonic phacoemulsification. 129,134,138 Indication for cataract 
surgery is based on evaluation of the patient for current or preexisting medical condi¬ 
tions, as well as the possibility of acceptable postoperative vision. Assistance by 
a board certified ophthalmologist is invaluable when formulating a plan before a final 
determination is made. Although the body of knowledge has increased on ophthalmic 
conditions in raptors over the last 20 years, additional work is still needed regarding 
ophthalmic conditions in geriatric raptors. 

Neurologic Diseases 

Most neurologic disease conditions seen in raptors are related to trauma, toxin inges¬ 
tion and exposure, or infectious origins, such as West Nile virus. Neoplastic, cardio¬ 
vascular, metabolic, and idiopathic diseases may also result in clinical signs 
associated with neurologic disease. In geriatric raptors, neurologic conditions are 
usually the result of neoplastic, cardiovascular, metabolic, and idiopathic diseases 
and may result in senility, cerebral ischemic events, seizures, and various other neuro¬ 
logic abnormalities. 

Senility is occasionally seen in geriatric raptors under the care of falconers or 
zoologic institutions. Signs of cognitive dysfunction indicating senility include changes 
in the sleep/wake cycle, inattention to food, inattention to environment, inability to 
recognize familiar people or objects, or inability to perform learned behaviors. In other 
species, neurotransmitters change with age, and this likely also occurs in birds. 140 As 
animals age, acetylcholinesterase and monoamine oxidase b levels increase as 
choline aminotransferase and serotonin levels decrease and lipofuscin accumulates 
in the cytoplasm of the neurons. In addition, the brain becomes chronically hypoxic 
with age due to arteriocapillary fibrosis and endothelial proliferation. Although these 
changes have been recognized in other species, to the author’s knowledge they 
have not been evaluated in relation to raptors and other avian species. Ultimately, 
senility is ruled out by exclusion of other differentials that can be definitively 



Table 6 

Intraocular pressures 

in birds of prey 






Common Name 

Scientific Name 

No. of Birds 

Method of Tonometry 
Measurement 

Normal/Abnormal 

IOP mm Hg (±SD) 

References 

Barred owl 

Strix varia 

1 

Applanation 

Right: anterior lens 
luxation 

Left: normal 

R: 18 

L: 18 

129 

Great horned owl 

Bubo virginianus 

1 

Applanation 

Right: corneal 
perforation and iris 
prolapse 

Left: luxated lens, 
corneal edema, 
corneal 

neovascularization 

Unable to acquire 

L: 34 

130 

Great horned owl 

Bubo virginianus 

Unknown 

Applanation 

Normal 

10-14 

130 

Great horned owl 

Bubo virginianus 

1 

Applanation 

Right/Left: blind, 
episcleral congestion, 
mydriasis, exposure 
keratitis, abnormal 
iridocorneal angles, 
and curled/atrophied 
pectinate ligament 

Ft: 42.4 (±5.6) 

L: 26.4 (±1.8) 

126 

Great horned owl 

Bubo virginianus 

3 

Applanation 

Normal 

7.1 (5.2-7.8) 

126 











Tawny owl 

Strix aluco 

26 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Applanation 

Applanation 

Applanation 

Applanation 

Applanation 

Applanation 

Applanation 

Applanation 

See below 

Normal 

With adnexal lesions 

With corneal lesions 
Anterior segment 
inflammatory 
pathology 

Iridio- or cyclodialysis 
Lens pathology alone 
Posterior segment 
pathology alone 

See below 

15.6 (±3.4) 

14.2 (±3.6) 

18.2 (±5.4) 

7.4 (±4.6) 

35.4 (±12.2) 

12.2 (±3.8) 

13.6 (±4.8) 

124 

124 

124 

124 

124 

124 

124 

124 

Eurasian Eagle owl 

Bubo bubo 

10 

Applanation 

Normal 

9.35 (±1.81) 

128 



10 

Rebound 

Normal 

10.45 (±1.64) 

128 

Red-tailed hawk 

Buteo jamaicensis 

10 

Applanation 

Normal 

20.6 (±3.4) 

127 

Swainson's hawk 

Buteo swainsoni 

6 

Applanation 

Normal 

20.8 (±2.3) 

127 

Golden eagle 

Aquila chrysaetos 

7 

Applanation 

Normal 

21.5 (±3.0) 

127 

Bald eagle 

Haliaeetus 

3 

Applanation 

Normal 

20.6 (±2.0) 

127 


leucocephalus 






Great horned owl 

Bubo virginianus 

6 

Applanation 

Normal 

10.8 (±3.6) 

127 
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diagnosed. Record keeping specifically related to the behavioral condition of the bird 
is the most critical aspect to formulating a differential diagnosis of senility in raptors. 
Medical therapies are available for humans and canines for the treatment of senility, 
but these medications have not been evaluated for use in birds. 

Seizures, tremors, and other cerebral/cerebellar conditions in geriatric raptors can 
be caused by neoplastic, metabolic (hepatic encephalopathy), cardiovascular, and 
idiopathic conditions. As stated earlier, toxic exposure and trauma may result in the 
majority of neurologic conditions, yet in geriatric birds, age-related changes should 
result in expansion of the clinicians’ differential list. Neoplastic, hepatic, and cardio¬ 
vascular diseases discussed earlier could each contribute to a patient’s neurologic 
symptoms. Defining whether the neurologic disease is primary or secondary to 
another condition is crucial to implementing appropriate therapy for the patient. A 
26-year-old golden eagle (Aquila chrysaetos) with opisthotonos, inappetence, incoor¬ 
dination, and stargazing was evaluated by the author. Only after exclusion of infec¬ 
tious, inflammatory, metabolic, toxic, and traumatic causes, and evaluation by 
computed tomography of the brain with contrast media, was a definitive diagnosis 
of a cerebral ischemic event able to be confirmed (Figs. 10-12). Other reports of 
neurologic conditions in raptors have been classified as idiopathic until further work 
is performed to delineate a definitive diagnosis. Avian vacuolar myelinopathy is 
a condition with an unknown etiology that has affected bald eagles, a great horned 
owl, and several species of waterfowl, and has been recognized periodically in North 
America. 141 Although a neurotoxin is suspected, further investigation is needed. Diag¬ 
nosis and evaluation of neurologic conditions in geriatric birds is still in its early stages, 
and extensive work is needed to thoroughly understand the impact of these conditions 
on the health of raptors under human care. 

Reproductive Diseases 

Reproductive disease in aged raptors has not received adequate attention in the liter¬ 
ature compared with other subjects. Although reproductive diseases are covered in 
various texts, the effect of age and age-related conditions is poorly understood. The 
reproductive lifespan of most raptors has not been established, nor have all the factors 
that influence it been identified. Conditions resulting in secondary effects on mating 
may also influence fecundity. Osteoarthritis may affect reproductive abilities for both 
the male and female. The male may be unable to mount the female, and dystocia 



Fig. 10. Golden eagle (Aquila chrysaetos) with severe torticollis that was suspected to be 
due to a cerebral ischemic event. (Courtesy of Tim Tristan, DVM.) 
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Fig. 11. Full recovery was achieved in the Golden eagle in Fig. 10 after approximately a 
month of intense supportive care. (Courtesy of Tim Tristan, DVM.) 


may become a concern for the female during the egg-laying process. Abnormal 
plumage near and around the cloaca may also hinder the ability for individuals to 
copulate. Neoplastic diseases affecting abdominal organs, the reproductive tract, 
and the cloacal region can also cause problems in reproduction. 

Decrease in the reproductive potential of the geriatric male or female can also be 
primarily associated with the reproductive system. Low sperm counts, decreased 
sperm volume, decrease sperm motility, and poor sperm morphology are seen in geri¬ 
atric animals of other species, and need to be taken into consideration with raptors. 
Decreased receptivity may be observed, and can be a consequence of decreased 



Fig. 12. Many times the history can aid the clinician in determining the diagnosis. This barn 
owl (7yto alba ) with torticollis was due to head trauma from a motor vehicle. (Courtesy of 
Tim Tristan, DVM.) 
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libido resulting from a drop in hormone production over time for both males and 
females. Egg production also declines in females partly due to the extensive energy 
expenditure on the individual. Despite the possible causes of reproductive failure, 
the effect of age and age-related conditions needs to be more comprehensively 
examined. 

Miscellaneous Conditions 

Various other conditions should be considered when caring for geriatric raptors. Age- 
related changes in other species may result in changes in the immune, integumentary, 
and respiratory systems. In addition, special attention should be paid to anesthesia 
and clinical pathologic interpretation. 

The immune system and respiratory system each exhibit age-related changes in 
other species, including humans and canines. A decline in the immune function is 
seen with many species and can result in increased susceptibility to infectious disease 
conditions. Alterations in hematology and the biochemical parameters have not been 
evaluated in geriatric raptors, but may prove critical to a complete understanding of 
the patient. Age-related decreases in chest wall compliance, pulmonary compliance, 
and pulmonary elastic fiber properties are seen in dogs with increased age, and this 
can be appreciated on physical examination and noted by subtle clinical signs of 
respiratory disease . 142 Similar anatomic and physiologic changes in the respiratory 
system of geriatric raptors have not been observed to date, and further investigation 
is warranted. Poor feather quality, including frayed, dull feathers, may be seen in geri¬ 
atric raptors. Decreased preening due to osteoarthritis or other conditions may affect 
the health and visual appearance of feathers over time. Other factors including nutri¬ 
tion, infectious agents, and neoplastic disease may also contribute to poor feather 
quality. 

Obesity is frequently seen in elderly raptors in captivity due to decreased activity 
and overfeeding. Special attention should be made to closely monitor raptor weights 
to ensure that they remain within their target parameters. Obesity may lead to or exac¬ 
erbate medical conditions such as osteoarthritis and cardiovascular disease, and 
eventually may result in decreased life expectancy. 

Finally, anesthetic considerations should be accounted for as in other geriatric 
animals. Complete evaluation of the patient, including physical examination, hema¬ 
tology, biochemistry, and radiographs should be performed to provide baseline 
data. A thorough workup allows for evaluation of the patient for any underlying or undi¬ 
agnosed disease conditions that may complicate an anesthetic procedure. Although 
many clinicians may sedate patients before performing diagnostics, the benefits 
and risks should be considered before anesthetizing a geriatric bird. 

SUMMARY 

The limited information available on geriatric raptors emphasizes the extensive effort 
that is still needed to expand the knowledge and understanding of these specialized 
patients. Although raptors have been intimately involved with humans for centuries, 
the medical aspects have lagged behind until recently. Rehabilitation centers have 
become a major component, allowing a better understanding of medical conditions 
in raptors, with increased involvement from local veterinarians. Falconers’ use of 
veterinary services has enhanced the care and medical management through 
a team approach by both disciplines. The improvement in care, husbandry, and 
medical management at zoologic institutions has and will continue to be a vital 
component to further understanding of raptors. Ultimately, contributions made by 
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all the groups discussed here will be imperative to the future of geriatric raptor 
medicine. 

ACKNOWLEDGMENTS 

The author wishes to acknowledge the Animal Rehabilitation Keep, Downtown 
Aquarium Houston, and the Texas State Aquarium for their support of conservation 
efforts in South Texas which has significantly contributed to this publication. In addi¬ 
tion, the author expresses sincere appreciation to T.M. Tristan and Amanda Terry for 
their invaluable assistance in this article. 

REFERENCES 

1. Redig PT. A decade of progress in raptor medicine. In: Redig PT, Cooper JE, 
Remple JD, et al, editors. Raptor biomedicine. Minneapolis (MN): University of 
Minnesota Press; 1993. p. 3-5. 

2. Riddle KE, Hoolihan J. A research hospital for falcons: design, operation, and 
admission summary. In: Redig PT, Cooper JE, Remple JD, et al, editors. Raptor 
biomedicine. Minneapolis (MN): University of Minnesota Press; 1993. p. 188-93. 

3. Rutz C, Whittingham MJ, Newton I. Age-dependent diet choice in an avian top 
predator. Proc Biol Sci 2006;273:579-86. 

4. Bortolotti GR, Smits JE, Bird DM. Iris colour of American kestrels varies with age, 
sex, and exposure to PCB’s. Physiol Biochem Zool 2003;76(1):99-104. 

5. Thorup K, Alerstam T, Hake M, et al. Bird orientation: compensation for wind drift 
in migrating raptors is age dependent. Proc Biol Sci 2003;270(Suppl):S8-11. 

6. Ottinger MA, Reed E, Wu J, et al. Establishing appropriate measures for moni¬ 
toring aging in birds: comparing short and long lived species. Exp Gerontol 
2003;38:747-50. 

7. Altwegg R, Schuab M, Roulin A. Age-specific fitness components and their 
temporal variation in the barn owl. Am Nat 2007; 169(1 ):47-61. 

8. Martin J, Kitchens WM, Hines JE. Natal location influences movement and survival 
of a spatially structured population of snail kites. Oecologia 2007;153:291-301. 

9. Laaksonen T, Hakkarainen H, Korpimaki E. Lifetime reproduction of a forest¬ 
dwelling owl increases with age and area of forests. Proc Biol Sci 2004; 
271(Suppl):S461-4. 

10. Martell MS, Goggin J, Redig PT. Assessing rehabilitation success of raptors 

through band returns. In: Lumeij JT, Remple JD, Redig PT, et al, editors. 
Raptor biomedicine III. Lake Worth (FL): Zoological Education Network; 

2000. p. 327-36. 

11. Walzer C, Boegel R, Fluch G. Intraabdominal implantation of a multi-sensor 

telemetry system. In: Lumeij JT, Remple JD, Redig PT, et al, editors. 

Raptor biomedicine III. Lake Worth (FL): Zoological Education Network; 

2000. p. 313-20. 

12. Kenward RE, Marcstrom V, Karlbom M. Causes of death in radio-tagged 
Northern goshawks. In: Redig PT, Cooper JE, Remple JD, et al, editors. 
Raptor biomedicine. Minneapolis (MN): University of Minnesota Press; 1993. 
p. 57-61. 

13. de Magalhaes JP, Budovsky A, Lehmann G, et al. The human ageing genomic 
resources: online databases and tools for biogerontologists. Aging Cell 2009; 
8(1 ):65-72. 

14. Klimkiewicz MK. Longevity records of North American birds. Version 2008. 
Laurel (MD): Patuxent Wildlife Research Center, Bird Banding Laboratory; 2008. 



78 


Tristan 


15. Heidenreich M. Forensics. In: Birds of prey medicine and management. Oxford 
(UK): Blackwell, Wissenschafts-Verlag; 1997. p. 231. [Dr Yvonne Oppenheim, 
Trans.] 

16. Dutton CJ, Cooper JE, Allchurch AF. The pathology and diseases of the 
Mauritius kestrel ( Falco punctatus). In: Lumeij JT, Remple JD, Redig PT, et al, 
editors. Raptor biomedicine III. Lake Worth (FL): Zoological Education Network, 
Inc; 2000. p. 147-56. 

17. Deem SL, Terrell SP, Forrester DJ. A retrospective study of morbidity and 
mortality of raptors in Florida: 1988-1994. J Zoo Wildl Med 1998;29(2): 
160-4. 

18. Gottdenker NL, Walsh T, Jimenez-Uzcategui G, et al. Causes of mortality of wild 
birds submitted to the Charles Darwin Research Station, Santa Cruz, Galapa¬ 
gos, Ecuador from 2002-2004. J Wildl Dis 2008;44(4): 1024-31. 

19. Muller K, Altenkamp R, Brunnberg L. Morbidity of free-ranging white-tailed sea 
eagles ( Haliaeetus albicilla) in Germany. J Avian Med Surg 2007;21(4):265-74. 

20. Wendell MD, Sleeman JM, Kratz G. Retrospective study of morbidity and 
mortality of raptors admitted to Colorado State University Teaching Hospital 
during 1995-1998. J Wildl Dis 2002;38(1): 101-6. 

21. Krone O, Wille F, Kenntner N, et al. Mortality factors, environmental contami¬ 
nants, and parasites of white-tailed sea eagles from Greenland. Avian Dis 
2004;48:417-24. 

22. Krone O, Stjernberg T, Kenntner N, et al. Mortality factors, helminth burden, and 
contaminant residues in white-tailed sea eagles ( Haliaeetus albicilla ) from 
Finland. Ambio 2006;35(3):98-104. 

23. Harris MC, Sleeman JM. Morbidity and mortality of bald eagles ( Haliaeetus 
leucocephalus) and peregrine falcons ( Falco peregrinus) admitted to the wildlife 
center of Virginia, 1993-2003. J Zoo Wildl Med 2007;38(1):62-6. 

24. Kovacs A, Demeter I, Fater I, et al. Current efforts to monitor and conserve the 
eastern imperial eagle Aquila heliaca in Hungary. Ambio 2008;37(6):457-9. 

25. Coone NC, Locke LN, Cromartie E, et al. Causes of bald eagle mortality, 1960- 
1965. J Wildl Dis 1970;6:72-6. 

26. Komnenou AT, Georgopoulou I, Savvas I, et al. A retrospective study of presen¬ 
tation, treatment, and outcome of free-ranging raptors in Greece (1997-2000). 
J Zoo Wildl Med 2005;36(2):222-8. 

27. Punch P. A retrospective study of the success of medical and surgical treatment 
of wild Australian raptors. Aust Vet J 2001 ;79(11):747-52. 

28. Richards BA, Lickey A, Sleeman JM. Decreasing prevalence and seasonal 
variation of gunshot trauma in raptors admitted to the wildlife center of 
Virginia: 1993-2002. J Zoo Wildl Med 2005;36(3):485-8. 

29. Lumeij JT, Westerhof I. Diagnosis and treatment of poisoning in raptors from the 
Netherlands: clinical case reports and review of 2,750 postmortem cases, 1975- 
1988. In: Redig PT, Cooper JE, Remple JD, et al, editors. Raptor biomedicine. 
Minneapolis (MN): University of Minnesota Press; 1993. p. 233-8. 

30. Nakamaru M, Iwasa Y, Nakanishi J. Extinction risk to bird populations caused by 
DDT exposure. Chemosphere 2003;53:377-87. 

31. Garcia-Fernandez AJ, Motas-Guzman M, Maria-Mojica NP, et al. Environmental 
exposure and distribution of lead in four species of raptors in Southeastern 
Spain. Arch Environ Contam Toxicol 1997;33:76-82. 

32. Miller MJR, Restani M, Harmata AP, et al. A comparison of blood lead levels in 
bald eagles from two regions on the great plains of North America. J Wildl Dis 
1998;34(4):704-14. 



The Aging Raptor 


79 


33. Saito K, Kurosawa N, Shimura R. Lead poisoning in endangered sea-eagles 
(Haliaeetus albicilla, Haliaeetus pelagicus ) in Eastern Hokkaido through inges¬ 
tion of shot sika deer ( Cervus nipon). In: Lumeij JT, Remple JD, Redig PT, 
et al, editors. Raptor Biomedicine III. Lake Worth (FL): Zoological Education 
Network; 2000. p. 163-8. 

34. Zaccaroni A, Amorena M, Naso B, et al. Cadmium, chromium and lead contam¬ 
ination of Athene noctua , the little owl, of Bologna and Parma, Italy. Chemo- 
sphere 2003;52:1251-8. 

35. Meteyer CU, Rideout BA, Gildert M, et al. Pathology and proposed pathophys¬ 
iology of Diclofenac poisoning in free-living and experimentally exposed 
Oriental white-backed vultures (Gyps bengalensis). J Wildl Dis 2005;41(4): 
707-16. 

36. Oaks JL, Gilbert M, Virani MZ, et al. Diclofenac residues as the cause of vulture 
population decline in Pakistan. Nature 2004;427:630-3. 

37. White DH, Hayes LE, Bush PB. Case histories of wild birds killed intention¬ 
ally with famphur in Georgia and West Virginia. J Wildl Dis 1989;25(2): 
184-8. 

38. Dietz R, Riget FF, Boertmann D, et al. Time trends of mercury in feathers of West 
Greenland birds of prey during 1851-2003. Environ Sci Technol 2006;40: 
5911-6. 

39. Elliot JE, Langelier KM, Mineau P, et al. Poisoning of bald eagles and red-tailed 
hawks by carbofuran and fensulfothion in the Fraser Delta of British Columbia, 
Canada. J Wildl Dis 1996;32(3):486-91. 

40. Kenntner N, Tataruch F, Krone O. Heavy metals in soft tissue of white-tailed sea 
eagles found dead or moribund in Germany and Austria from 1993-2000. 
Environ Toxicol Chem 2001 ;20(8):1831-7. 

41. Kenntner N, Krone O, Altenkamp R, et al. Environmental contaminants in liver 
and kidney of free-ranging Northern goshawks ( Accipiter gentilis) from three 
regions of Germany. Arch Environ Contam Toxicol 2003;45:128-35. 

42. Kenntner N, Krone O, Oehme G, et al. Organochlorine contaminants in body 
tissue of free-ranging white-tailed eagles from Northern regions of Germany. 
Environ Toxicol Chem 2003;22(7): 1457-64. 

43. Knopper LD, Mineau P, Walker LA, et al. Bone density and breaking strength in 
UK raptors exposed to second generation anticoagulant rodenticides. Bull 
Environ Contam Toxicol 2007;78:249-51. 

44. Zuberogoitia I, Martinez JA, Ireata A, et al. Short-term effects of the prestige oil 
spill on the peregrine falcon ( Falco peregrinus). Mar Pollut Bull 2006;52: 
1176-81. 

45. Hakkarainen H, Korpimaki E, Laaksonen T, et al. Survival of male Tengmalm’s owls 
increases with cover of old forest in their territory. Oecologia 2008;155:479-86. 

46. Haas D. Clinical signs and treatment of large birds injured by electrocution. In: 
Redig PT, Cooper JE, Remple JD, et al, editors. Raptor biomedicine. Minneap¬ 
olis (MN): University of Minnesota Press; 1993. p. 180-3. 

47. Altwegg R, Roulin A, Kestenholz M. Demographic effects of extreme winter 
weather in the barn owl. Oecologia 2006;149:44-51. 

48. Sarasola JH, Negro JJ, Salvador V, et al. Hailstorms as a cause of mass mortality 
of Swainson’s hawks in their wintering grounds. J Wildl Dis 2005;41(3):643-6. 

49. Wiens JD, Noon BR, Reynolds RT. Post-fledging survival of northern goshawks: 
the importance of prey abundance, weather, and dispersal. Ecol Appl 2006; 
16(1 ):406-18. 



80 


Tristan 


50. Heckel JO, Sisson DC, Quist CF. Apparent fatal snakebite in three hawks. J Wildl 
Dis 1994;30(4):616-9. 

51. Ziman M, Colagross-Schouten A, Griffey S, et al. Haemoproteus spp. and Leu- 
kocytozoon spp. in a captive raptor population. J Wildl Dis 2004;40(1): 137-40. 

52. Green CH, Gartrell BD, Charleston WAG. Serratospiculosis in a New Zealand 
falcon (Falco novaeseelandiae). N Z Vet J 2006;54(4): 198-201. 

53. Szabo KA, Mense MG, Lipscomb TP, et al. Fatal toxoplasmosis in a bald eagle 
(Haliaeetus leucocephalus). J Parasitol 2004;90(4):907-8. 

54. Gancz AY, Barker IK, Lindsay R, et al. West Nile virus outbreak in North Amer¬ 
ican owls, Ontario, 2002. Emerg Infect Dis 2004; 10(12):2135-42. 

55. Saito EK, Sileo L, Green DE, et al. Raptor mortality due to West Nile virus in the 
United States, 2002. J Wildl Dis 2007;43(2):206-13. 

56. Nemeth NM, Beckett S, Edwards E, et al. Avian mortality surveillance for West 
Nile virus in Colorado. Am J Trop Med Hyg 2007;76(3):431-7. 

57. Wunschmann A, Shivers J, Bender J, et al. Pathologic findings in red-tailed 
hawks ( Buteo jamaicensis ) and Cooper’s hawks ( Accipiter cooperi) naturally 
infected with West Nile virus. Avian Dis 2004;48:570-80. 

58. Pinkerton ME, Wellehan JFX, Johnson AJ, et al. Columid herpesvirus-1 in two 
Cooper’s hawks ( Accipiter cooperii) with fatal inclusion body disease. J Wildl 
Dis 2008;44(3):622-8. 

59. Tomaszewski EK, Phalen DN. Falcon adenovirus in an American kestrel (Falco 
sparverius). J Avian Med Surg 2007;21(2):135-9. 

60. Kenward R. The causes of death in trained raptors. In: Cooper JE, 
Greenwood AG, editors. Recent advances in the study of raptor diseases. 
Keighley. West Yorkshire (UK): Chiron Publications Ltd; 1981. p. 27-9. 

61. Kenward R. Mortality and fate of trained birds of prey. J Wildl Manag 1974;38: 
751-6. 

62. Rothschild BM, Panza R. Osteoarthritis is for the birds. Clin Rheumatol 2006;25: 
645-7. 

63. Cooper JE. Miscellaneous and emerging diseases. In: Birds of prey: health and 
disease. 3rd edition. Oxford (UK): Blackwell Science Ltd; 2002. p. 185-216. 

64. Samour J. Raptors. In: Harrison GJ, Lightfoot TL, editors, Clinical avian medi¬ 
cine. Palm Beach (FL): Spix publishing Inc; 2006;2: p. 915-56. 

65. Graham JE, Kollias-Baker C, Craigmill AL, et al. Pharmacokinetics of ketopro- 
fen in Japanese quail (Coturnix japonica). J Vet Pharmacol Ther 2005;28: 
399-402. 

66. Baert K, De Backer P. Comparative pharmacokinetics of three non-steroidal anti¬ 
inflammatory drugs in five bird species. Comp Biochem Pysiol C Toxicol Pharmi- 
col 2003;134:25-33. 

67. Wilson GH, Hernandez-Divers SJ, Budsberg SC, et al. Pharmacokinetics and use 
of meloxicam in psittacines birds. In: Proc Assoc Avian Vet Conf. New Orleans 
(LA); August 17-19, 2004. p. 7-9. 

68. Machin KL, Teller LA, Lair S, et al. Pharmacodynamics of flunixin and keto- 
profen in mallard ducks (Anas platyrhynchus). J Zoo Wildl Med 2001 ;32: 
222-9. 

69. McGeown D, Danbury TC, Waterman-Pearson AE, et al. Effect of carprofen on 
lameness in broiler chickens. Vet Rec 1999;144:668-71. 

70. Danbury TC, Weeks CA, Chambers JP, et al. Self-selection of the analgesic drug 
carprofen by lame broiler chickens. Vet Rec 2000;146:307-11. 



The Aging Raptor 


81 


71. Baert K, De Backer P. Disposition of sodium salicylate, flunixin, and meloxicam 
after intravenous administration in ostriches ( Struthio camelus). J Avian Med 
Surg 2002;16:123-8. 

72. Jones R. Raptors: systemic and non-infectious diseases. In: Chitty J, editor. 
BSAVA manual of raptors, pigeons, and waterfowl. Ames (IA): Iowa State Univer¬ 
sity Press; 2008. p. 284-98. 

73. Dahlhausen R, Aldred S, Colaizzi E. Resolution of proventicular dilatation 
disease by cyclooxygenase 2 inhibition. In: Proc Assoc Avian Vet. Monterey 
(CA); August 26-30, 2002. p. 9-12. 

74. Paul-Murphy J, Hess JC, Fiakowski JP Pharmacokinetic properties of a single 
intramuscular dose of buprenorphine in African grey parrots (Psittacus erithacus 
erithacus). J Avian Med Surg 2004;18:224-8. 

75. Hoppes S, Flammer K, Hoersch K, et al. Disposition and analgesic effects of 
fentanyl in white cockatoos ( Cacatua alba). J Avian Med Surg 2003;17: 
124-30. 

76. Schneider C. Effects of morphine-like drugs in chicks. Nature 1961;191:607-8. 

77. Hughes RA. Strain-dependent morphine-induced analgesic and hyperalgesic 
effects on thermal nociception in domestic fowl (Gallus gallus). Behav Neurosci 
1990;104:619-24. 

78. Hughes RA. Codeine analgesia and morphine hyperalgesia effects on thermal 
nociception in domestic fowl. Pharmacol Biochem Behav 1990;35:567-70. 

79. Fan SG, Shutt AJ, Vogt M. The importance of 5-hydroxytryptamine turnover 
for the analgesic effect of morphine in the chicken. Neuroscience 1981 ;6: 
2223-7. 

80. Gentle MJ, Hocking PM, Bernard R, et al. Evaluation of intraarticular opioid 
analgesia for the relief of articular pain in the domestic fowl. Pharmacol Biochem 
Behav 1999;63:339-43. 

81. Paul-Murphy J, Brunson DB, Miletic V. Analgesic effects of butorphanol and bu¬ 
prenorphine in conscious African grey parrots (Psittacus erithacus erithacus). 
Am J Vet Res 1999;60:1218-21. 

82. Curro TG. Evaluation of the isoflurane sparing effects of butorphanol and flunixin 
in psittaciformes. In: Proc Assoc Avian Vet. Monterey (CA); August 26-30, 2002. 
p. 17-19. 

83. Curro TG, Brunson DB, Paul Murphy J. Determination of the ED50 of isoflurane- 
sparing effects of butorphanol in cockatoos ( Cacatua spp.). Vet Surg 1994;23: 
429-33. 

84. Riggs SM, Hawkins MG, Craigmill AL, et al. Pharmacokinetics of butorphanol 
tartrate in red-tailed hawks (Buteo jamaicensis) and great horned owls (Bubo 
virginianus). Am J Vet Res 2008;69(5):596-603. 

85. Heatley JJ. Anaesthesia and analgesia. In: Chitty J, editor. BSAVA manual of 
raptors, pigeons, and waterfowl. Ames (IA): Iowa State University Press; 
2008. p. 97-113. 

86. Kukanich B, Papich MG. Pharmacokinetics of tramadol and O-esmethyltrama- 
dol in dogs. J Vet Pharmacol Ther 2004;27:239-46. 

87. Souza MJ, Jones MP, Cox SA. Pharmacokinetics of tramadol in bald eagles 
(Haliaeetus leucocephalus). In: Proc Assoc Avian Vet. Providence (Rl); August 
6-9, 2007. p. 7-8. 

88. Stevenson R. Coseguin for old Amazon. Exotic Dvm 1999;1(1):34. 

89. Robertson S. Osteoarthritis in cats: what we now know about recognition and 
treatment. Vet Med 2008; 103(11 ):611 —6. 



82 


Tristan 


90. Tully TN. Avian dermatology. In: Proc West Vet Conf. Las Vegas (NV); February 
11-14, 2002. 

91. Lightfoot TL. Feather “Plucking”. Atlantic Coast Veterinary Conference. Atlantic 
City (NJ); October 9-11, 2001. 

92. Doneley B. The use of gabapentin to treat presumed neuralgia in a little corella 
(Cacatua sanguinea). In: Proc Assoc Avian Vet Aust Comm. Melbourne 
(Australia); 2007. 

93. Siperstein LJ. Use of Neutontin (Gabapentin) to treat leg twitching/foot mutilation 
in a Senegal parrot. In: Proc Assoc Avian Vet. Providence (Rl); August 6-9, 
2007. p. 81-2. 

94. Forbes NA, Cooper JE, Higgins RJ. Neoplasms in birds of prey. In: Lumeij JT, 
Remple JD, Redig PT, et al, editors. Raptor biomedicine III. Lake Worth (FL): 
Zoological Education Network; 2000. p. 127-46. 

95. Montijano MG, Lopez IL, Eiguren AA, et al. Cystadenocarcinoma and leiomyo¬ 
ma in a peregrine falcon (Falco peregrinus brookei). Vet Rec 2008;162:859-61. 

96. Hartup BK, Steinberg H, Forrest LJ. Cholangiocarcinoma in a red-tailed hawk 
(Buteo jamaicensis). J Zoo Wild I Med 1996;27:539-43. 

97. Mikaelian I, Patenaude R, Girard C, et al. Metastatic cholangiocellular carci¬ 
noma and renal adenocarcinoma in a golden eagle ( Aquila chrysaetos). Avian 
Pathol 1998;27:321-5. 

98. Doolen M. Adriamycin chemotherapy in a blue-front amazon with osteosarcoma. 
In: Proc Assoc Avian Vet. Reno (NV); September 28-30, 1994. p. 89-91. 

99. Ramsey EC, Bos JH, McFadden C. Use of cisplatin and orthovoltage radio¬ 
therapy in treatment of a fibrosarcoma in a macaw. J Assoc Avian Vet 1993; 
7(2):87-90. 

100. Kollias GV, Homer B, Thompson JP. Cutaneous psuedolymphoma in a juvenile 
blue and gold macaw (Ara ararauna). J Zoo Wildl Med 1992;23(2):235-40. 

101. France M, Gilson S. Chemotherapy treatment of lymphosarcoma in a Moluccan 
cockatoo. In: Proc Annu Conf Assoc Avian Vet. Nashville (TN); August 
31 to September 4, 1993. p. 15-19. 

102. Zantop DW. Treatment of bile dust carcinoma in birds with carboplatin. Exotic 
Dvm 2000;2(3):76-8. 

103. Speer BL, Eckermann-Ross C. Diagnosis and clinical management of pancre¬ 
atic duct adenocarcinoma in a green-winged macaw (Ara chloroptera). In: 
Proc Eur Conf Avian Med Surg. Munich (Germany); 2001. p. 225. 

104. Filippich LJ, Bucher AM, Charles BG, et al. Intravenous cisplatin administration 
in sulfur-crested cockatoos (Cacatua galerita): clinical and pathological obser¬ 
vations. J Avian Med Surg 2001; 15(1 ):23-30. 

105. Lamberski N, Theon A. Concurrent irradiation and intratumoral chemotherapy 
with cisplatin for treatment of a fibrosarcoma in a blue and gold macaw (Ara 
ararauna). J Avian Med Surg 2002;16(3):234-8. 

106. Freeman KP, Hahn KA, Adams WH, etal. Radiation therapy for hemangiosarcoma 
in a budgerigar. J Avian Med Surg 1999;13(1):40-4. 

107. Rosenthal K, Duda L, Ivey ES, et al. A report of photodynamic therapy for squa¬ 
mous cell carcinoma in a cockatiel. In: Proceedings of the 22nd Annual AAV 
Conference. Orlando (FL); August 22-24, 2001. p. 175-6. 

108. Heatley J J, Bellah J, Brawner J, et al. Radiation therapy of squamous cell carci¬ 
noma in a golden eagle. In: Proc Assoc Avian Vet. Providence (Rl); August 6-9, 
2007. p. 327-8. 

109. Straub J, Pees M, Krautwald-Junghanns ME. Measurement of the cardiac 
silhouette in psittacines. J Am Vet Med Assoc 2002;221:76-9. 



The Aging Raptor 


83 


110. Hanley CS, Helen GM, Torrey S, et al. Establishing cardiac measurement stan¬ 
dards in three avian species. J Avian Med Surg 1997;11:15-9. 

111. Pees M, Krautwald-Jughanns ME. Cardiovascular physiology and disease of 
pet birds. Vet Clin North Am Exot Anim Pract 2009; 12(1 ):81-97. 

112. Burtnick NL, Degernes LA. Electrocardiography on fifty-nine anesthetized 
convalescing raptors. In: Redig PT, Cooper JE, Remple JD, et al, editors. Raptor 
biomedicine. Minneapolis (MN): University of Minnesota Press; 1993. p. 111-21. 

113. Keymer IF. Disease of birds of prey. Vet Rec 1972;90:579-94. 

114. Finlayson R. Vascular disease in captive animals. Symposium of the 
Zoological Society of London, vol. 11. London (UK): Academic Press; 
1964. p. 99-106. 

115. Shrubsole-Cockwill A, Wojnarowicz C, Parker D. Atherosclerosis and ischemic 
cardiomyopathy in a captive, adult red-tailed hawk ( Buteo jamaicensis). Avian 
Dis 2008;52:537-9. 

116. Wallach JD, Flieg GM. Frostbite and its sequelae in captive exotic birds. J Am 
Vet Med Assoc 1969; 155(7): 1035-8. 

117. Lumeij JT. Pathophysiology, diagnosis and treatment of renal disorders in birds 
of prey. In: Lumeij JT, Remple JD, Redig PT, et al, editors. Raptor biomedicine III. 
Lake Worth (FL): Zoological Education Network; 2000. p. 169-78. 

118. Murphy CJ, Kern TJ, McKeever K, et al. Ocular lesions in free-living raptors. 
J Am Vet Med Assoc 1982; 181 (11): 1302-4. 

119. Murphy CJ, Kern TJ, Riis RC. Intraocular trauma in a red-tailed hawk. J Am Vet 
Med Assoc 1982; 181 (11): 1390-1. 

120. Korbel RT. Disorders of the posterior eye segment in raptors—examination 
procedures and findings. In: Lumeij JT, Remple JD, Redig PT, et al, editors. 
Raptor biomedicine III. Lake Worth (FL): Zoological Education Network; 2000. 
p. 179-94. 

121. Scope A, Fery H. Diseases and mortality causes in captive and free-ranging 
bearded vulture (Gypaetus barbatus). In: Lumeij JT, Remple JD, Redig PT, 
et al, editors. Raptor biomedicine III. Lake Worth (FL): Zoological Education 
Network; 2000. p. 327-36. 

122. Murphy CJ, Kern TJ, MacCoy DM. Bilateral keratopathy in a Barred owl. J Am 
Vet Med Assoc 1981; 179(11): 1271-3. 

123. Korbel R, Leitenstorfer P. Clinical estimation of lacrimal function in various 
bird species using a modified Schirmer tear test. Isr J Vet Med 1996;51: 
171-5. 

124. Williams DL, Villavincencio CM, Wilson S. Chronic ocular lesions in tawny owls 
( Strix aluco ) injured by road traffic. Vet Rec 2006;159:148-53. 

125. Harris MC, Schorling J J, Herring IP, et al. Ophthalmic examination findings in 
a colony of Screech owls (Megascops asio). Vet Ophthalmol 2008; 11 (3): 186-92. 

126. Rayment LJ, Williams D. Glaucoma in a captive-bred great horned owl (Bubo 
virginianus virginianus). Vet Rec 1997;140:481-3. 

127. Stiles J, Buyukmihci NC, Farver TB. Tonometry of normal eyes in raptors. Am J 
Vet Res 1994;55(4):477-9. 

128. Jeong MB, Kim YJ, Yi NY, et al. Comparison of the rebound tonometer (TonoVet) 
with the applanation tonometer (TonoPen XL) in normal Eurasian eagle owls 
(Bubo bubo). Vet Ophthalmol 2007;10(6):376-9. 

129. Brooks DE, Murphy CJ, Quesenberry KE, et al. Surgical correction of a lux¬ 
ated cataractous lens in a barred owl. J Am Vet Med Assoc 1983; 183(11): 
1298-9. 



84 


Tristan 


130. MacLaren NE, Krohne SG, Porter RE, et al. Corynebacterium endophthalmitis, 
glaucoma, and scleral ossicle osteomyelitis in a great horned owl (Bubo virgin- 
ianus). J Zoo Wildl Med 1995;26(3):453-9. 

131. Murphy CJ, Kern TJ, Loew E, et al. Retinal dysplasia in a hybrid falcon. J Am Vet 
Med Assoc 1985; 187(11): 1208-9. 

132. Buyukmihci NC, Murphy CJ, Schulz T. Developmental ocular disease of raptors. 
J Wildl Dis 1988;24(2):207-13. 

133. Murphy CJ. Raptor ophthalmology. Comp Contin Educ 1987;9(3):241-60. 

134. Carter RT, Murphy CJ, Stuhr CM, et al. Bilateral phacoemulsification and intra¬ 
ocular lens implantation in a great horned owl. J Am Vet Med Assoc 2007; 
230(4): 559-61. 

135. Canton DD, Murphy CJ, Buyukmihci NC, et al. Pupilloplasty in a great horned 
owl with papillary occlusion and cataracts. J Am Vet Med Assoc 1992;201(7): 
1087-90. 

136. Brooks DE. Avian cataracts. Semin Avian Exotic Pet Med 1997;6(3): 131-7. 

137. Keymer IF. Cataracts in birds. Avian Pathol 1977;6:335-41. 

138. Kern TJ, Murphy CJ, Riis RC. Lens extraction by phacoemulsification in two 
raptors. J Am Vet Med Assoc 1984; 185(11): 1403-6. 

139. Moore CP, Pickett JP, Beehler B. Extracapsular extraction of senile cataract in an 
Andean Condor. J Am Vet Med Assoc 1985; 187(11): 1211-3. 

140. Goldston RT. Introduction and overview of geriatrics. In: Goldston RT, 
Hoskins JD, editors. Geriatrics and gerontology of the dog and cat. Philadel¬ 
phia: W.B. Saunders; 1995. p. 1-9. 

141. Fischer JR, Lewis-Weis LA, Tate CM, et al. Avian vacuolar myelinopathy 
outbreaks at a southeastern reservoir. J Wildl Dis 2006;42(3):501-10. 

142. Taboada J. The respiratory system. In: Goldston RT, Hoskins JD, editors. Geri¬ 
atrics and gerontology of the dog and cat. Philadelphia: W.B. Saunders; 1995. 
p. 63-88. 



